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Xenopus ooeytes that express mouse thyrotropin-releusing hormone receptors (TRH-Rs) after injection if RNA transcribed from TRH-R eDNA 
respol~d to THR by a depolarizing current, This r,~sponse is transduced by activation of phosphoinositide-specifie phospholipase C and utilizes 
an as yet unidentified endogenous guanine nucleotidc-binding regulatory (G) protein(s), The g subunit of G;t and Gq have recently been shown 
to couple receptors to activation of phospholipase C. To determine whether there are functional differen~ between thg~¢ proteins, we have 
co-expressed the TRH-R with either r~ or ct~. =tt potentiated the response to TRH {by 61+16%), while ~ inhibited the n.-spons¢ (by 37±9%). 
The changes in amplitudes were accompanied by inverse changes in response laten¢ies, These data show that ~t  and ~zq differentially modulate 
signal transduction i Xenopus oocytes. 
G-protein; TRH receptor; Xenopt~s cocyte 
I. INTRODUCTION 
Receptors that belong to the seven transmembrane- 
spanning se~mnent family couple to heterotrimedc gua- 
nine nucleotide-binding regulatory (G) proteins [1]. It 
has been suggested that G-proteins of the Go/G~ class, 
which are sensitive to pertussis toxin (PTX), are in- 
volved in responses that are transduced by activation of 
a phospholipase C that hydro!yzes phosphatidylinositol 
4,5- bisphosphate [2-7]. In many cell types, however, 
the resulting responses are not affected by PTX [8-1 l]. 
Hence, G-proteins that lack the PTX-modified ADP- 
ribosylation site seem to be logical candidates for this 
regulatory function for some receptors. 
Recently, several laboratories have demonstrated 
that two members of a new sub-family of G-protein 
subunits, cg~ and eZq [12] can activate phospholipase C
[13-17]. These experiments were performed either by in 
vitro reconstitution or by transfection into mammalian 
cells. In these studies, no differences in function were 
found for cx,t and aq. Xenopus oocytes are an excellent 
model system for mechanistic studies of signal transduc- 
tion pathways and have been used to study G-protein 
Correspondence address: Y. Oron, Department of Physiology and 
Pharmacology, Sackler Faculty of Medicine, Tel Aviv University, 
Ramat Aviv 69978, Israel. 
coupling [3,18]. Here we use Xenopus ooeytes to study 
the coupling of cq~ and ct~ to the TRH-R. Our results 
show that ~ and 0~q differentially modulate the TRH-R 
response in Xenopus oocytes. 
2. MATERIALS AND METHODS 
The clectrophysiologieal methods and the response to TRH in 
ooeytes injected with RNA coding for the TRH-R have been described 
in detail previously 119-21]. 
In the present series of experiments, we have co.injected in vitro 
transcribed RNAs encodinB the cloned TRH.R [21] and either the ct. 
or the ~ G-protein subunits [12]. The responses toTHR were assayed 
12-96 h after the injection. Amplitudes and laleneies of the responses 
were determined, All results are expressed as mean __ S.E.M. % of 
control response~ assayed in ooeytes of the same donor and injected 
with identical amount of TRH-R RNA alone. The number ofoocytes 
assayed was denoted by n and tile number ofdifferent experiments by
N. Different esperiments .#ere mostly performed on ooeytes from 
dilTcrent donors, 
The cloned a,~ and ~4 were a ~cnerous gift of Dr. Melvin Simon. 
TRH and collagen,me (tyi~ IA) were pure~ from Sigma. All other 
chemicals were of analytical 8fade. 
3. RESULTS 
3.1. The experimental p radigm 
TRH-Rs are expressed in Xenoptts ooeytes following 
injection of cloned TRH-R RNA [20]. The activation of 
TRH-R is manifested by a depolarizing current resdt- 
ing from calcium-induced opening of chloride channels 
Published by Elsevier Sctence Publishers B. V, 237 
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subsequent to phospholipase C-mediated hydrolysis of 
phosphatidylinositol 4,5-bisphosphate [19]. This cur- 
rent can be characterized by its maximal amplitude and 
the time between the addition of TRH and the onset of 
the response (latency). Responses can be observed 
within 12 h of the injection of TRH-R RNA and opti- 
mal responses can be observed within 24--48 h at 1-10 
ng TRH-R RNA injected/ooeyte. These observations 
indicate that exogenous TRH-R couples effectively to 
an unknown native G-protein(s) in oocytes. 
To determine whether there are differences in cou- 
pling of art and ~,  we co-expressed these two mammal- 
ian G-protein ~ subunits with the TRH-R. We have 
monitored the efficiency of coupling by comparing the 
amplitude and latency of the response to those observed 
in ooeytes injected with TRH-R RNA alone. 
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Fig, 1. Tile effect era.  on amplitude and latency of the TRH response, 
The bars represent the mean amplitade+-S,E. (panel A) or latency 
(panel B) in ooeytes injected with 10 ng/c~ll ofTRH-R RNA and the 
indicated amount of g~ RNA. The cross-hatched bar represents he 
results obtain~l in oocytes injected with I ng TRH-R RNA, Re- 
spons~ to 1 ~tM TRH were measured, All results were normalized as 
% of mateh~l controls, Control response amplitudes and latencies 
ranged from 296+_96 to 6594+1172 nA and 1,3+0,2 to 16.7+2,0 s,
resl~ctively, The numbers above the bars denote the number of 
treated ooeytes assayed and the number of experiments performed 
(n,N). 
w 
e~ 
": 100 
,.~ 80 
r~. 
k~ 
~ 40 
GCI RNA 
(no/oocgte) 
3.2. The effect of ~ti to.expression 
Co-expression of a~t and TRH-R resulted in a signif- 
icant potentiation of the response without affecting its 
pattern. In a paired comparison in 12 experiments of 
oocytes from 9 different donors injected with 10 ng 
TRH-R RNA and 1 ng ~j  RNA, the amplitude of the 
response increased to 159_+ 18% (P<0.01), This increase 
was dependent on the amount of ~ztl RNA co-injected. 
Thus, in oocytes co-injected with 0,1 ng cq~ RNA, the 
amplitude did not increase (83+_14% of controls, n=5), 
while in oocytes co-injected with 5 ng of RNA, the 
amplitude was 164+33% of matched controls (n=7, 
P<0.1). These results are shown in Fig. IA. 
The increase in amplitude was accompanied by a de- 
crease in the latency of the response. In oocytes co- 
injected with 1 ng erL~ the latency decreased to 80__.6% 
of control values (n=12, P<0.005). In oocytes co-in- 
jected with 0.1 tag RNA there was no change in latency 
(98_+11% of control, N=5), while those co-injected with 
5 ng did not exhibit a further decrease in latency (91 +_6% 
of control, n=6). These results are shown in Fig. lB. 
The effect &co-expression of ~1~ was much less when 
a lower amount of TRH-R was expressed. In oocytes 
injected with i ng each of TRH-R and ¢¢~ RNAs, the 
amplitude of the response increased to 118_+5% and the 
latency was 94__.5% of control values (n=3, see Fig. 
1A,B). 
We have not observed a clear relationship between 
the time after injection of the RNAs and the magnitude 
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of the effects on either amplitude or latency (not 
shown). Hence, it may be assumed that TRH-R and a~t 
are expressed at approximately the same rate within 
12-96 h after the injection. 
3.3. The effect of o~ co-expression 
To further assess the specificity of exogenous G-pro- 
teins to TRH-R, we have conducted similar experiments 
with the closely homologous ~subunit of Gq. In con- 
trast to ~l ,  co-expression of ~tq inhibited the response 
to TRH. In oocytes injected with 10 ng ofTRH-R RNA 
and 1 ng of =,~ RNA, the response to TRH was 63_+9% 
of control (n=9, P<0.025). This property of =~ showed 
a degree of dose dependence. Thus, oocytes co-injected 
with 0.1 ng ~ RNA exhibited 86+ 15% of control ampli- 
tude (n=5) and those co-injected with 5 ng, 71 +_5% (n=4, 
P<0.025). The decrease in amplitude was accompanied 
by a parallel increase in the latencies of the responses. 
The latency was 100__.4, 128+-10 (P<0.05) and 122+-8% 
(P<0.025) of control in oocytes injected with 0.1, 1.0 
and 5.0 ng of ~,~ RNA, respectively. These results are 
shown in Fig. 2A,B. 
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Fig. 3. The elTect of the latencies on control responses on the magni- 
tude of the latencies in ooeytes expressin s ~z~ or ctq. Mean lateneies 
of responses in oocytes co-expressing theTRH-R and either ~z~ (panel 
A) or ~q (panel B). from individual experiments described in Figs. 1 
and 2, were plotted against the matchingcontrol lateneies. The broken 
line describes the theoretical curve that would have been obtained if 
a. or ~q had no effect on latency. 
4. DISCUSSION 
~t  and :'4 are two members of a sub-family of G- 
protein ~z subunits that are not sensitive to FFX and 
activate phosphoinositide-specific phospholipase C. In 
transfeetion studies in mammalian cells [15] and re~.'on- 
stitution experiments in vitro [17], these proteins appear 
to be equally effective in interaction with receptors. It 
has been shown, however, that heterotrimeric G-pro- 
teins can couple under certain condition to elTector mol- 
ecules - -  enzymes, channels, etc. - -  with which they do 
not interact in vivo under usual conditions. For exam- 
ple, different muscarinic receptors can exhibit 
anomalous coupling to G-proteins upon transfection 
and overexpression i mammalian cells [22]. We at- 
tempted to determine whether there were any differ- 
ences in the interaction of ¢ql and ~q with receptors or 
effectors, or both, in intact cells in which the level of the 
expression could be readily controlled. We used Xen- 
opus oocytes for these studies, because we could moni- 
tor the kinetics of the response to TRH with excellent 
resolution. We previously reported that tile increase in 
amplitude was inversely related to the latency of the 
response [23]. 
We found there is a difference between the effect of 
0t~t and czq on the TRH response in Xenopus oocytes, cz~ 
enhanced the response to TRH, exhibited as an increase 
in response amplitude and shortening of latency, 
whereas =q diminished the response. Thus, it appears 
that there are differences in the properties of these two 
G-protein ~ subunits. 
The mechanism of enhancement by~ and inhibition 
by =~ of the TRH response are not known. Any hypoth- 
esis must take into account he productive interaction 
bet~veen the TRH-R and endogenous G-proteins in 
oocytes. Endogenous G-proteins of  the G~/Go family 
have been cloned from oocytes (24,25). It is possible 
that because both ~ subunits [12] and the TRH-R [21] 
used in this experiment are murine in origin there is a 
greater affinity between the receptor and these ex- 
ogenous cz subunits than between the mammalian TRH- 
R and endogenous amphibian G.proteins. This could 
explain the enhancement of the TRH response by ~m~, 
assuming that receptor-activated cz~l effectively stimu- 
lates the phospholipase C.
To explain the mechanism of inhibition of the TRH 
response by ~,~ we suggest hat activated oz, does not 
activate the phospholipase C as efficiently as en- 
dogenous G-proteins. That is, ~q competes for binding 
for the TRH-R with endogenous G-proteins but is less 
effective in eliciting a response. The idea that there is 
competition between exogenous and endogenous G- 
protein = subunits is supported by our data. In Fig. 3, 
we compare the TRH response lateneies in oocytes in- 
jected with TRH-R RNA alone to those in oocytes in- 
jected with TRH-R and ~ subunit RNAs. We chose to 
use latencies rather than response amplitudes for these 
239 
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comparisons because latencies exhibit less variability 
and, in our experience, correlate better than amplitudes 
with the number of receptors expressed [26], Lipinsky 
and Oron, unpublished). It is apparent that the relative 
change in latency due to expression of exogenous a 
subunits is related to the duration of latency in matched 
control oocytes injected with TRH-R alone. That is, the 
effects of cz~j and aq are most prominent in oocytes in 
which the TRH response is smaller, i.e. in responses that 
exhibit longer latencies. A possible interpretation of 
these data is that in oocytes that possess a large quantity 
of endogenous G-proteins, that is those that exhibit the 
most robust responses with the shortest latencies, the 
e~ogenous 0: subunits fail to compete effectively for 
binding to the TRH-R and, therefore, do not influence 
the response. 
In conclusion, we showed that =zz and aq differen- 
tially affect the electrophysiological response to TRH in 
Xenopus oocytes expressing either of these subunits. We 
have not yet delineated the mechanism(s) of these ef- 
fects. Nevertheless, our data show that these closely 
related members of the rrq sub-family can have different 
effects under certain circumstances and suggest that 
these proteins may not subserve the same function(s) in 
mammalian cells. To the best of our knowledge, this is 
the first description or functional differences between 
0h~ and ¢xq. 
Acknowledgements: Thiswork was supported by a research ~rant or 
the US-Israel Binational Science Foundation to Y.O, and M.C.G. It 
partially fullfils the Ph, D. the~is requirements of D.L, 
REFERENCES 
[1] Birnbaumer, L., Abramovitz, J. and Brown, A.M. (1990) Bio- 
chem, Biophys, Acta 1031, 163-224, 
[2] Kikuchi, A,, Kozawa, O., Ka~buchi, K,, Katada, T,, Ui, M, and 
Takai, Y. (1086)J. Biol, Chcm, 261, 11558-11562, 
[31 Moriarty, T.M,, Padrell, E,, Catty, D,J,, Omri, G., Landau, E.M. 
and lygngar, R, (1990) Nature 343.79-82, 
[4] Gomperts, B.D, (1983) Nature 306, 64--66, 
[5] Nakamura, T, and Ui, M, (1985) J, Biol. Chgm, 260, 3584-3593, 
[61 Coekroft, S, and Gomperts0 B.D. (1985) Nature 314, 534--536. 
[7] Lambert, T,L,, Kent, R,$, and Whorton, A,R. (1986) J. Biol, 
Chella, 261, 15288-15293. 
1,81 Martin. T,I.J,, Lucas, D,O,, Bajjalia, S.M, and Kowalchyk, J,A, 
(1986) J, Biol, Chem, 261, 2918-2927, 
[9] Straub, R.E, and Gershcn/;orn, M.C. (1986) J. Biol. Chem. 261, 
2712-2717, 
[10l Pobiner, B,F., Hcwlett, E.L, and Garrison, J,C. (1985) J. Biol. 
Chem, 260, 16200-16209. 
1,11] Burgh, R,M,, Luini, A. and Axelrod, J, (1986)Proe, Natl. Acad, 
Sei. USA 83, 7201-7205. 
[12] Strathman, M. and Simon, M. (1990) Proe, Natl, Acad, Sci. USA 
87, 9113-9117, 
[13] Smrcka, A,, Hepler, J,, Brown, K, and Sternweis, P,C. (1991) 
Science, 251,804--807. 
[14] Gutowski, S.. Smrcka, A., Nowak, L,. Wu, D.. Simon, M. and 
Steraweis, P.C, (1991) J, Biol. Chem, 266, 20519-20524, 
[15] Wu, D,, Lee, C,H,, Rhee, S,G, and Simon, M.I, (1992) J. Biol. 
Chem, 267, 1811-1817, 
[16] Taylor, S., Smith, J, and Extort, J. (1990) J, Biol. Chem, 265. 
17150-17156. 
[17] Bernstein, G,, Blank, J,L,, Smrcka, AN,, Higashijima, T., St- 
ernweis, P,C,, Exton, J.H. and Ross, E.M. 0992) J, Biol, Chem, 
267, 808t-8088. 
1,'18] Padrell, E,, Carry, D,J,, Moriarty, T.M., Hildebrandt, J,D., Lan- 
dau, E,M. and Iyengar, R. (1991) J, Biol, Chem. 266, 9771-9777, 
1"19] Oron, Y,, Gillo, B,, Straub, R,E, and Gershengorn, M.C, (1987) 
Mol. Endocrinol, 1,918-92.5. 
[20] Oron, Y., Straub, R.E., Traktman, P. and Gershengorn. M.C. 
(1987) Science 238, 1406-1408. 
[21] Straub, R,F-.., Frech, G,C., Joho, R,H. and Gershengorn, M.C. 
(1990) Proc. Natl, Acad. Sci, USA 87. 9514-9518. 
[22] Wess, J,, Bonnet, T,I,, Doric, F. and Brann, M.R. (1990) Mol, 
Pharmacol. 38. 5J 7-523. 
1,,23l Straub, R.E., Oron, Y,, Gillo, B., Thompson, R, and Gershcn- 
g0rn, M,C, (1989) Mol, Endocrinol, 3,907-914.22. 
[241 Glare, J,, Jorquera. H., Purcell, P,, Codina, J., Birnbaumer, L, 
and Allendg, ,I.E, (1989) FEBS Lett, 244, 188-192, 
[25] Olate, J., Martinez, S,, Purcell, P,, Jorquera, H., Codina, J,, 
Birnbaumer, L. and Allende, J,E. (1990) FEBS Lett, 268, 27-31. 
[26] Matus-Leibovitch, N., Lupu-Meiri, M, and Oron, Y. (1990) 
Pflfl~¢rs Arch, 417, 194-.199, 
240 
